The dichloromethane/methanol extract of the red alga Pterosiphonia complanata exhibited antibacterial activity against many potentially pathogenic Gram (+) and Gram (-) bacteria. The compound responsible for this activity was isolated and identified, mainly on the basis of 1 H and 13 C NMR experiments, as the known 3,4,6-tribromo-5-methoxymethyl-benzene-1,2-diol. Its minimum inhibitory concentration against Staphylococcus aureus was 2.8 µg/mL (7 nM).
Marine algae serve as important resources of bioactive natural products. They have the potential for producing bioactive substances, for example with antibacterial, antifungal, anti-inflammatory, cytotoxic and antimalarial properties [1] . In the course of a program aimed at the isolation and characterisation of bioactive compounds from marine algae collected from the Atlantic coast of Morocco, thirty-nine species were tested for biological activities [2] . The organic extract of the red alga Pterosiphonia complanata (Clemente) Falkenberg (Ceramiales, Rhodomelaceae) was found to possess high antibacterial activity against many potentially pathogenic Gram (+) and Gram (-) bacteria. We describe herein the isolation from this alga of a tribromophenol (1), which is responsible for the activity of the extract. The HRCI MS of compound 1 showed a [M+NH 4 ] + ion at m/z 411.8230 corresponding to the molecular formula C 8 H 11 O 3 81 Br 3 N (calc. 411.8225). The mass spectrum of 1 gave tribrominated molecular ion peak clusters at m/z 406, 408, 410 and 412, with a ratio of 1:3:3:1. The IR spectrum (KBr) showed two absorption bands for hydroxyl groups at 3472 and 3422 cm -1 and characteristic absorption bands for aromatic rings at 1605, 1574, 1495 and 1462 cm -1 . The 1 H NMR spectrum of 1 in DMSO-d 6 exhibited a singlet attributed to a methylene at δ 4.85 (2H, s, H-7), a singlet attributed to a methyl group at δ 3.41 (3H, s, H-8), and two singlets assigned to two hydroxyl protons at δ 9.72 (1H, s, OH-1) and 10.18 (1H, s, OH-2). The 13 C NMR spectrum (Jmod) displayed 8 carbon signals attributed to a substituted benzene ring, a methylene and a methyl group. In the HMBC spectrum, cross-peaks from the methylene protons with C-3, C-4, C-5 and C-8; from OH-1 with C-1 and C-6, and from OH-2 with C-2 and C-3 established the structure of 1 as 3,4,6-tribromo-5methoxymethyl-benzene-1,2-diol.
Compound 1 was subjected to GC/MS after formation of its trimethylsilyl derivative. In the mass spectrum of this TMSi derivative, the [M-88] + fragment, characteristic of vicinal dihydroxybenzenes, was observed. Brominated compounds are naturally present in a large number of marine organisms, including marine algae [3] . A number of bromine-containing organic compounds have been described from the Rhodomelaceae (Rhodophycophyta); these include simple brominated phenols and brominated heterocyclic compounds [4] . The presence of bromophenols in algae is due to their possession of innate bromoperoxidases, which are a group of enzymes responsible for brominating organic substrates in the presence of bromide ion and hydrogen peroxide [5] . Previously, it was believed that these compounds were produced to defend against bacteria, fungi and grazers [6] . Bromophenols have been isolated from marine algae collected from different areas. From Eastern Australia [7] , 2,4,6 tribromophenol was found in 87 species tested. From brown algae collected in Hong Kong, it was reported that bromophenol concentrations varied widely with seasons, being higher in winter and lower in summer [8] . From the red alga, Rhodomela confervoides [9] various bromophenols were isolated, among which some were found to be active against several human cancer cell lines and microorganisms [10] .
Lanosol and its methyl ether are very closely related to 1. Lanosol, described as the most abundant and widely distributed of the bromophenols found in the Rhodomelaceae, has exhibited feeding deterrent [3c], but no antibacterial activity. Compound 1 has been previously isolated from the marine alga Symphyocladia latiuscula, [11a,b] , synthesized [11c], and shown to have antioxidant, [11a,c,d,e] antimicrobial [11b], as well as antiviral activity against Herpes Simplex Virus (HSV-1) [12a] .
Compound 1 was tested for antibacterial activity against many pathogenic bacteria (Table 2 ) and found to be highly active against Staphylococcus aureus, with a minimum inhibitory concentration of 2.8 μg/mL (7 nM). This activity is the strongest in comparison with these of bromophenols isolated from Rhodomela confervoides and those isolated from Symphyocladia latiuscula. From Rhodomela confervoides the bis (2,3-dibromo-4,5dihydroxybenzyl) ether was the most active against five strains of bacteria with a MIC value less than 70 µg/mL (0.12 M) [12b], from Symphyocladia latiuscula the best inhibition activity was observed against the Vibrio mimicus (50µg/ml) and the Vibrio vulnificus (50µg/ml) [11b]. In order to evaluate antibacterial activity, the minimum inhibitory concentrations of compound 1 against two bacteria, Staphylococcus aureus and Escherichia coli, were compared with those of some antibiotics utilized in pharmacology, such as ampicillin, tetracycline, chloramphenicol and streptomycin. The present investigation revealed that the MIC of compound 1 was the highest, and thus this natural molecule constitutes a good candidate for medical use in the future, if the pharmacological studies prove to be conclusive. The use of marine algae in antibiotic research is a recent development, and there are many avenues open for further exploration [13] .
Antibacterial bromophenol from Pterosiphonia complanata Natural Product Communications Vol. 2 (7) 2007 751 Experimental General: 1 H NMR and 13 C NMR spectra were obtained on a Bruker Avance 400 spectrometer with standard pulse sequences operating at 400 MHz and 100 MHz, respectively. The chemical shift values are reported in ppm and the coupling constants in Hz. The programs used for Jmod, NOESY, HMQC, HMBC (J = 7 Hz) experiments were those of the Bruker manual (1991) . The HRMS (positive mode) was measured on a Jeol 700 spectrometer (Ecole Normale Supérieure Paris) and the CIMS on a Nermag R 10-10 machine. IR spectra were recorded on a Nicolet (Impact 400D) FTIR spectrophotometer. Melting points (uncorr.) were determined on a B-545 Büchi melting point apparatus. GC-MS experiments were carried out on a Hewlett Packard 6890 chromatograph (Chrompack CP Sil 8 column DI 0.25 mm X 50 m, 1mL/min flow rate of helium, operated at 80°C and increased by 5°C/min to 290°C) coupled to a Nermag R 10-10 mass spectrometer. UV spectra were obtained in MeOH, using a Kontron type Uvikon 930 spectrophotometer. Si gel column chromatography was carried out using Kieselgel 60 (230-400 mesh, E. Merck). Fractionations were monitored by TLC using aluminum-backed sheets (Si gel 60 F-254, 0.25-mm thick) with visualization either under UV light (254 and 366 nm) or by use of either Liebermann or phosphomolybdic acid spray reagents. All solvents were distilled prior to their use.
Plant material:
Pterosiphonia complanata was collected in August 2001 at El Jadida on the Atlantic coast of Morocco, and was identified by Dr B. de Revier. A voucher specimen n°PC2001 was deposited at P.C. (Laboratoire de Cryptogamie, Muséum National d'Histoire Naturelle, 12 rue Buffon, Paris -France).
Extraction and isolation:
After air-drying in darkness, the samples were ground and exhaustively extracted with CH 2 Cl 2 -MeOH (1:1). The extract was concentrated in vacuo to yield 12 g of crude material. Chromatography over a silica gel column (CH 2 Cl 2 to MeOH) of the crude extract led to the active fraction, eluted with CH 2 Cl 2 -EtOAc (8:2) . Purification of the active compound was monitored by testing each fraction against Staphylococcus aureus ATCC 6538, a Gram+ strain, using the agar disk-diffusion assay. The active fraction was subjected to open column reverse phase RP-18 chromatography, which accomplished the final purification, yielding 32.8 mg of 1, eluted with MeOH-H 2 O (9:1).
3,4,6-Tribromo-5-methoxymethyl-benzene-1,2diol
Yellow powder (32.8 mg); MP: 126-129°C. 1 H and 13 C NMR: Table 1 ; HR-CIMS: [M+NH 4 ] + m/z 411.8230 (C 8 H 11 O 3 81 Br 3 N, calc. 411.8225).
Antibacterial bioassays:
The crude extract, chromatographic fractions and the pure compound were assayed in vitro for antibacterial activity using the laboratory standard ATCC 6538 strain of Staphylococcus aureus as a test bacterium. Antibacterial assays were carried out using the agar disk-diffusion assay [14] . Three colonies of each bacterium were removed with a wire loop from the original culture plate and were introduced into a test tube containing 5 mL broth. An overnight culture yielded a suspension of 10 6 bacteria/mL (evaluated by the absorbance value of 0.5 at 620 nm). This solution was diluted 100-fold and the bacterial density was then adjusted to 0.2 x 10 4 cells/mL with sterile water to inoculate Petri dishes containing culture media (12 mL Mueller-Hinton agar, 3 mm thick). Plates were dried for about 30 min before inoculation and were used within four days of preparation.
Organic extracts and the pure compound were tested using paper disks (6 mm diameter) impregnated with the solution. After the temperature was equalized at 4°C, the microorganisms were incubated overnight at 37°C. Diameters of inhibitory zones were then measured. Control disks were prepared with solvent. Tests were performed in triplicate. To determine the minimum inhibitory concentration, compound 1 was diluted to various concentrations (1.5, 2, 2.5, 2.7, 2.8, 2.9, 3, 3.1, 3.5 μg/mL) and applied onto a paper disk. The minimum inhibitory concentration was reported as the lowest concentration required for complete inhibition of growth of bacteria and was determined for S. aureus ATCC 6538, Bacillus thurengensis ATCC 10792, Enterococcus feacium CIP 5432, E. hirae ATCC 10541, Pediococcus pentosaceus ATCC 25744, Pseudomonas aeruginosa ATCC 9027, Clostridium sporogenes CIP7939, Escherichia coli ATCC 10536 and Vibrio anguillarum ATCC19265.
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